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(57) Abstract: Reduced FK228 represented by general formula (I) or salts thereof; histone deacetylase inhibitors, transferred gene 
expression potentiators and reactivation promoters comprising these compounds; and drugs containing the same as the active ingre- 
dient, wherein R 1 and R 2 are the same or different and each represents hydrogen or a thiol-protective group. Because of having a 
potent histone deacetylase inhibitory activity, these reduced FK228 and salts thereof are usable in preventing and treating various 
diseases in which deacetylation of histone participates and gene therapy for these diseases. 
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StgSFK 2T2 8#J:lf*0M& 

5 Id II -T So 

fc* h>r7-fef7-€lt ffitt»t»j(i\tZn%E<ftUfc^^OJttT-fe^;i/'ftS# 
(M.S. Finnin £>, Nature 401, 188-193 (1999)) . ##*J±* &MT 
-fe^;Wbt* h>©DNAfc»t*4SBjBie**'fc**ai:%it&*iTV , »So £ft 

^•>«IJi©«/J^ffil±> tXh>8i# (H2A, H2Bx H3MH4^ =&2 
#^? N =iTfc^h>) 1 4 6 b p©DNA# 1 . 8E!;feg#fc:#§ttV , >fc2 
>? l/;fry-AT*&&o 37Wh>^ h >^®©N3fc©IEM# 

DNAtffll^ffltSufcCtDx * ^l^V-A^^/^bbTl^o bX 

20 ^#^££fcfta^%;t£ft-t^3o fot^ h>©j&y-fe^;Wby:> 

«t^T2^fcil#^nste¥il®^i:^©«Ci8^bTV'»S0^t:ov^B:> 
25 ^ (IV) 
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O 




(IV) 



■e&S*i*fl2-&* (JUTFR 9 0 1 2 2 8^K2:&1^) h>^T-lr^ 

-^*ISW?St$£Sf^-f 3 6 4 8 7 2^&m, H. Nakajima £>, Ex 

p. Cell Res. 241, 126-166 (1998)) 0 «^T* t#a©5^^tJffi*©h^ h> 
^T^^-^|E^J#IR££ftTV^#s FR 9 0 1 2 2 8tlll^ fc*b> 

io mgnz>m%]<DMM'?&z> 0 fr 9 0 1 2 2 suit ^ftts^;^^ i**s 
*mw%t>&s ±mm%Mf8>T&tcsb®i,m&MLtzmm, fr9 0 1 2 2 8 
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(i) a (i) 
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( 5$ * R 1 & «t ?>* R 2 tt * ft ? ti m - * tz & H & o T 7k X M ■? * J ± ^ * - ; P ftfll 

(2) R 1 43ctt>*R 2 *^ti^ti7jc^ii^-e$)^±IB (1) fflttCD-fb-^ 

(3) A (ID 
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u*r' #£UR z \±zn?ti7kmm?i:&%) -zmznzih&vo (wtfri 

3 5 3 1 3^}Mt%^o) t1sb%, ±IB (2) IS«B<EKb&tlg; tc\±Z<D^ 0 
(4) 5$ (III) 



,Cl\ 

/ \ 

HN CH 
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•c- 
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\ 
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CH 



I "CH 3 



CH, 



rsxa^tr, ±ia (i) ~ (3) ®^?hftttm®ih&m&tc\t%(?>i&(D 

(5) i£ (III) Ih&Ws 5* (IV) 

o 

HN1 — r n 

NH 




(IV) 



10 T*3l£tl,Mb£t) (WTFR 9 0 1 2 2 8' 
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JK^&V^) T«&£, ±BB (4) IB 



WO 02/06307 



PCT/JPOl/05954 



(6) a (iv) fc&to*&m\s5%#v*"#TV$&m£mtzmm**.&%. 
M^tra^Ti^it^ sg[fla'&«!i*iaiR"r*xe*«kv»igjRbte 

s£ (IV) fl3-&Wfc:fet*sy;*;i>7-f FHfr&fcWSl-raxgfcdtrs ±13 (5) IB 
5 «©«££&„ 

(7) ±ib ( i) ~ (3) ©v>r^tia«0fl3^*fett j e©ii*»e>«tat^ 

(8) IWtl^ ±13 (1) ~ (3) 0^rftfrfcffl*0fc£»f;&B:* 

(9) *S6^i:bTs ±13 (1) ~ (3) ®^-r*i<Pfc|B«©ft^fc*&tt* 
©«££tN »X*fe?Of53Bill9S»l*fc«:S«14flslE3i*Jo 

(10) E*-CfcS±IB (9) IB«©*X3ie^F©»3!Sflfiia*fcttll«tt'fc« 
15 Mo 

(id is3i^jte^te*ffl-cfe*±iB (io) iam©^x«e^cDMii^j 

(12) glfiCtii©, ±83 (1) ~ (3) 0V%rii*»tffia©fl3#«i*fc 
20 |g x tf*gtetf5-feS7\ fcttllMMl«14BJfiLfc(APLK HIS 

(13) E3lfl9t^»*© N ±13 (1) ~ (3) ©l^*lfrfcfB«©fl3#*&i;;fc 

25 (14) ^-\©K#«^^^ { c^V^T^^^g^tlS^)©T*$>S. ±13 ( 1 
3) fcIB«0;fr$£o 

d5) mm, mmm, mmm&w&s nm 
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(16) ^X^E^Olg^ii^J^fe^S^^b^ii^J©^©^^©, ±S3 
(1) ~ (3) ©v^1 i tl>^pt:f3«CD^tI$fc^i^cDm©^fflo 

(17) ^A^fe^O^ii^J^fcJiStS^bffi^JMe^^fcffiffl^n 
S^OT'fe 5s ±13 (1 6) tiffllOffflo 

*%W&, TIB^i ( I ) 

O CH 3 



HN" ch 2 \ 

/ < . \ ^° 

S-R 1 C 

°«3 / \ (I) 

CH-CH S-R 2 NH 

CH 3 \ CH 2 / 

H \ H 2 C CH_ CH 

\ CH / I -CH, 



r '/ c ! 3 

0 // C \ c JIC /\ CH 3 

10 H > S 

(sw r 1 & £ vr 2 ft * *i* tii^i- * ft &m & o ttk^^? * ^ 

*T*££) 



6 



WO 02/06307 PCT/JP01/05954 



O 




-CS£*i3FR 1 3 5 3 1 3t>®T*&£ 0 

*.wm&*-Qm^t>tizmm r «j tJ\ tofc*fr*ft&vMRDx 1-6 ©ft* 

Kn^rJ/ N - h n^#i*tf £ft5] > brmj;K U;i/-N-;*^> h\ ^> 

7bKDtr^-;K ^>^;i/^^-^^;k 7x^;i/^:t^;w WJS?^ 

f&3IS:/h^>£;i/#-;i/ (BOC) x T-b^^itffOB^ ^>\Z-f;i/ 
^^^^©^^©^^-^^^^^B^bT^^-^^^T?.*)® ; 
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(i PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Second Edition, T.W. Greene, 
5 P.G.M.Wuts W I L E Y- 1 NTERSC I EN CE fcffl«£ftT^3#««a£#^fcm>&ft*o 

*J*/?X2^*i/)],T^>^ N', N'-s?^>^;^^-i/>^7' 
15 ^ >Jfi^fcD^«r ^ >J!g) . MMttM (0iJx.««i^ JMtj*Xifttfs M 

20 ^©, JfiS^offlSfcttK/tJPiS^^^ii^o JP^-T^ ^ft£©^MHb£-$& 
*3PJ©i$ ( I ) fc^tottx S (HO tf*dns^«a (FK 2 2 8) ©S? 

Pi^MSIlfc^OTfftot, VMfo8>3it7G§!!FK 2 2 8* fc*^fcfc 
FK 2 2 8^*-;Wfc»-r&£ £:#T-#£ (WTs -Hi©#SgHB<b^*»* 
25 btFK 2 2 8f*-;i/#i:feV^). 

OFK 2 2 8 ^-;i^©SJ?i#?£&x FK 2 2 8©^;V7^ KJg^ftWT 

8 
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£i*i£-Btr;r i:£#«1-£o 38££-<z>ra&, mt>h% FK 2 2 8^*- 
15 £FK2 2 8 tMb^-jfJDfiTTs 15^ »IU<l±SSt'-!!feS 

mzitz {^.mt^mmms, snmo^mm, shiest ^m)s-fe>^ 
ssmm ^mj{g-fe>^-> in, ss^oji^ mz^m) <> 

*WFK2 2 8^*- )\<fa(Dtii%mM£teZ>lb&®, m^FK2 2 8 
20 $Ltzl£Z(Dm±s &&©%KT-&t>s X^nJtgT^'So 0iRI£s F K 2 2 8 <DtL 
ft»0-ot$§FR9 0 1 2 2 8M& S Wlb^^D^r 

WSifclcioTll^i^Tg^o FR 9 0 1 2 2 8tlI§41b^^D 

25 >>AWB 9 6 8 (FERM BP- 1 9 6 8) W^ti^o FR9 0 1 2 2 8 
«&£D|ltel$£&#&¥7- 6 4 8 7 2^&#£fBi®©£:fcD£bT^£ 

B®fr&f§££i:#T*t£ 0 FR 9 0 1 2-2 84MtttN A J: 
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l^/ST-x FR 9 0 1 2 2 8®I^ll^^nt;^r'J ^kM^Mtzm 

o^T% ^fe^^ii^moFR 9 0 1 2 2 8 £fcWfiJTfc3„ 
FK 2 2 8BU ^*&»©£&fc£D^i^ s ££i$-f So <kt)H 
5 {fcftfcJi Khan W.Li, £> fcckoTfSw^ftTV^^^ (J. Am. Chem. Soc, vol. 
118, 7237-7238 (1996)) CfCtMtli^^tfT't^o 
#|P.8©FK 2 2 8^^--;U#:©S!l©^^iis R 1 £tcl£R 2 ft^-^r— 

^SS^fctt&ttO&ffi'?** (PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, Seco 
nd Edition, T.W. Greene, P.G.M.Wuts WILEY-INTERSCIENCE) „ Mfottit-M* 

y-;KDfSK 3om 2 5°C-eSJK^-&Sc:fcfc:«fc *>%'m3-*-fr&*U. 
25 iu th'j^Aijctifrv^ro^ST-ciowitSu^ti^M 

10 
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mmts imM^wm&t&m (apl) s m£.Mmmm<a¥) (DtzttxDftmm 
10 n>0Ss »Bis Ms #Ms j^its nm. mm, 

JgifeS/fo ; 

15 #$BttsMts*^ m&mm±^ immmmttz) ; 

(#l;Lfcfs 7X^)l*)lX ■ 7^^-^/^s 7 If u^a • 

m. r h umm&M&, mm®.&M&. iisis 

20 jtmm^ &?m.jim,m, mfc7kmm, mmm. sk^nm, mm^ urn., &m 

11 
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#«/S (09*. £$Stej»#x ^7>-^U-Sm ##g& 
*M1^ mum, 7;i/\y^-fv-ft N ^-^>v>«, JSSflfttt 

<Bj*«fli (ALS) s *«fctf#3g«W*) ; 

Krtmifii) s msh^ >m±, -m&m&^mw (tia)> 

rt#*B£J& (09*«x fFttB&HM&ftji^ ££VM-fe h*-^) ; 
:fc<fcrr#$8ttlBBiM4Wlfc) ; 

&*&ja (09*«> sjtss^ mn&&mms ftmmmm, 

25 jfc*T*IISy WtJl) ; 

ra^M (09&fcJU lllft, T^P-AMMMi, *®jJM«g^ ^® 

12 
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») ; 
J3ii»# ; 

(^>Jx«s ; 

10 HiJ&^:fc £ tf-fe If' J ; 

»&fc!l»HJi£J6 (#!/Lfc£> ; 

IS«i^£©&Jfii£J§fcKg-rSx M MZ.&^ &Ms fffffilx Ms SiHb^fc 
15 ©MiMBIIW ; 

eb<z>&jh (ma* erti$> msimm (wm&) ^ $u«x 

*#) ] ; 

25 ^^^{dflfecD^^ (0i*ttx *«fcttf»»i§ffe 

13 
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b h^L^^^-f^X (HIV) AIDS ; 

e?v N it^x^^^t kvmAzti 

25 (i7-^i/>^>>^) vMmzm&u 

14 
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m&zvzztifi-ezzo z®£5te%}%ib*%w<z) ^xm^(DW^mtj 

J )VZt\,^tz^4 )l*s<Zfr-m) HVJ- Utf V-A&^©$rbV^i£ 

10 mt^«uWf^o 

l4^tlt0FK 2 2 8^-;Wfct;;fc&^©ig£, IjSPi; feting Paifflfc 

^ru-siu *©flbcDttfflt:abfc^«BfflOs afire. &*4$t% mMthxfr 

20 So FK2 2 8 tz&*<Dm&, m?<%Lfc=?<D&ffl8&3t>&^&&ft 

15 
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io mvm^ mmmm^ommn^- («*.«y#v-Ai&) #*?£bv> 0 

5-7;i/^-D^hi/> (5-FC) ©trt^M^^©^^T*fe^e/ 

16 
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Wl&I L 2s I L 1 2*115^) s ^>^-fe>^jtfe-? (K-ras7>^ 
10 >X) SSfcfli^ £«, iKiiiClfe? i: 1 1 li C F 

Ifiigfll : F R 1 3 5 3 1 3 ©SOI 



o 



o 



HN 




FR901228 



FR135313 



C2 4 H36N 4 0 6 S 2 



C24H3gN40 6 S2 



Mol. Wt, 542.71 



7- 6 4 8 7 2 ^&fg©IBl$« DT#«ts ttSl£ftfc F R 9 0 1 2 2 
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8£m^t)KJ: LXm^tco FR901228 ( 5 1 . 6mg, 95/imol), 
tR (4 0ml) ££tf7-te h- b (10ml) oi^»fc> W b 

(4 1 2mg N 2 . 6 6mm o 1) &»JDU Sfit-tttlfe, 

5 2 0 %7-fe h - b ij V 0 . 0 5 % h 'J n W7j(Mt*s mttU±5 0%T 
■fe h- h U;i//0. 0 5% r U^^PMTk^T^ti^tiff^^fe) o 

i«3<b^^^-rSia^§IeIiRb> i»bTFR 1 3 5 3 1 3 *B3i£ 
hxntz (14.8mg, 161*2 8.7%) 
'H-NMR^OOMHz, DMF-d 7 ) 5:9.35 (1H, br s, XMii&), 8.15 (1H, br 
10 d, J=9Hz, ^Wli), 8.01 (1H, br d, J=7Hz, ^MfD, 6.83 (1H, d, J=7 
Hz, 6.81 (1H, q, J=7Hz), 5.72 (1H, m), 5.61-5.54 (2H, m), 4.6 

0(1H, dd, J=10Hz, 5Hz), 4.55 (1H, m), 4.15 (1H, dd, J=9Hz, 8Hz), 2.97-2. 
88 (2H, m), 2.73-2.63 (2H, m), 2.55 (2H, m), 2.44 (1H, t, J=8Hz, &|feqr 
m), 2.34-2.27 (3H, i), 2.20 (1H, m), 2.08 (1H, t, J=8Hz, $$mm), 1.7 
15 2 (3H, d, J=7Hz), 0.98 (3H, d, J=7Hz), 0.95 (3H, d, J=7Hz), 0.88 (3H, d, 
J=7Hz), 0.87 (3H, d, J=7Hz) 
MS m/e 6 5 4 (M+TFA) 

i mih^ommts tib^#tt* HPLC££oT5£§gLfco 

HPLC^ft 

20 £5>A :YMC-PACK ProC18 (YMC Co., Ltd), 4. 6x1 5 Omm 
mm : 5 0%T-fe r- h V)V/0. 0 5 % r V 7;i/tnli*Sft 
MM :1ml /ft 
tffi: 2 1 4nm> 2 5 4nm 

&J%TO:4. 0 1# (m»K©FR 9 0 1 2 2 8^H©&&Bf P^fcfc 4 . 2 7 
25 #) 

i^JlT-^rJ&bfcFR 1 3 5 3 1 3tjRcDfc* hV^^-fe^-^— t?Pl*7S44 
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( 1 ) mm 

5 2%©FBS£^t?E Slgift (Flow laboratories flu ttfE SM 

( 2 ) mm 

mMi- h U t> A {iffi^H*^ J; D . [ 3 H ] WK* h'^Aii Amersham D 
10 (3) 

U isZ^yyy- (pH6. 5) : lOmM Tris-HCl (Sigma #) „ 
5 0 mMlMit h U A s l%Tr it onX-1 0 0 

mtmt) s lOmM Wfo^7**y*?k , 8. 6%>>j.^d- 

15 »A^7 7- (pH7. 4) : 1 OmM Tris-HCK 13 mM ED 
TA (Sigmatt) 

HDA^y77- (pH7. 5) : 1 5 mM U yWtts D # A (^^Mb^tt) n 
5%^U-fen-;K 0. 2mM EDTA 

(4) [ 3 H] T-fe^Mbt^ h>©M 

20 t7h>r7-fef7-^©SIJlt^ [ 3 H] 7tf/HbtXl>i^ lx 

10 8 iOFM3 Att (5 OmlCES Jgife i^MM) £ 0 . 5mCi/ml® 
[ 3 H] WWli- h U <>A£ 5mM©» h 'J ->AOWe^ 3 7°C, 5%C 

>jS#&»mi-£££f3£t)ilf8ib£o 55t*r^rStt^O. 4 5ACi/mgb 
25 * h>T-&o£ 0 

(5) MJ; txDt* >^ft©Jli}ffi 

19 
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(M. Yoshida e> N J. Biol. Chem. 265, 17174-17179 (1990)) 0 lxl 0 8 1S© 

S>^1f--TMfc#Lfco 1 0 0 0HHE-C1 0^H»ifob-Ctt%*«)fc^ US'* 
5 n^yy-r-3Es ilMWs/7?-tl|Hi5fe}| bfco B^£0. lml© 

W3SS*!:) ^iJP^.s 4°C-e lWibfco iiMIt'15, OOOElfes 5# 
IHj*ifoU 1IJ»U ^tHclml©7-feh>^Pi, -Bfe-2 0-CtS(i 
htco 15,0 0 OtHte, 1 O#H»ifoLT0ttUfc*£ 

10 -Brfco 

(6) «^?)CDfib^ h>^T-fe^5— ifcDffiim 

?Wk^F>r7^f7-m FM3 A«cfc DflffMbfco 8Lg©^ 
tt-^IIX«llfeFM3Aai (ES*gifc4L(c lxl 0 f i/ml 
©SiJK) £s SS^fcTBiRU 4 0ml©HDA;^77-fc»Ibfc. mj&% 
15 ^£>X*^:^if-T»bfc^s $B1&$$3 5 , OOOxgflOm 
fo-r&Ztlz£t)Wmv, 1 MS&£»2 0ml *JcT££fc»bfco fi^b 

— e*«fcjR**&o iW8S10ml©HDA^y77-C»#U H7ty7T— 
20 4 LCMltllflfeo otitis HDA/^7 7-«LLDEAE- 
■fe;i/D— X (DE5 2s 2 5x8 5mm, Whatman*!) fcffrU 3 0 0ml©N 

(0-0. 6M) tiliibf;. t^hV^T-fe^ 
^-H?JStt<3\ 0. 2-0. 3MONaC lJgfflKfc^y^e-^OJSttk L 

25 M£*Lfc 0 

( 7 ) -f > \L b P t;* h >T-fe^;HbS^ 

4/zl© [ 3 H] T-fe^l/fttX h> (2500cpm/5^g) 

20 
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±f3K£flfcftoTfS8iLfcFR 1 3 5 3 1 3t)fl©x* y -)l®Wtl ju 1 » 
;t s 3 7°CT- 1 O^K^tfeo ^Jfo&l Oa/ lQaig^MS^^J; D 
#±2^ Stm^tifc [ 3 H] »lml©Wx^K'itBU *©0. 9 
5 ml% 5ml© h;VJ.>^>^V--^3>^M{c»LTOrStt^SiJ^b^o 
(8) *£3I 

M^ft (?-#-;Wfc) T-&SFR13531 3tl5t&s I C 50 ffiT' 1 n g/m 

10 ofcFR 9 0 1 2 2 8tlH(is * * D@ffilT*&& fc* h fc*g|q| 
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